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Abstract 
The objective of the present study was to examine the role of spatial anxiety in 
relation to navigation abilities and impairment. Using two separate cross-sectional 
web-surveys, spatial anxiety and navigation abilities were determined in a large 
convenience sample of healthy participants (N = 3453) and participants with acquired 
brain injuries (N = 183) throughout the Netherlands. Using the Wayfinding 
Questionnaire (WQ) spatial anxiety and the self-reported navigation abilities of 
navigation and orientation and distance estimation were assessed. A virtual navigation 
task (VNT) was used to determine the objective navigation abilities. The five subtasks 
of the VNT reflect the different navigation strategies landmark recognition, egocentric 
location, allocentric location, path-route, and path-survey. Analyses were conducted 
to determine the relation between spatial anxiety and navigation abilities, and between 
subjective (i.e. the WQ) and objective measurements (i.e. the VNT) in all participants, 
and to investigate the spatial anxiety impaired groups. The results show a strong 
relation between spatial anxiety and subjective navigation abilities for both health and 
ABI participants (p < .001). In healthy participants, a relation was found between 
spatial anxiety and objective navigation abilities, for the specific strategy of 
allocentric location (p = .002). In participants with ABI for, a relation was found for 
the specific strategy of egocentric location (p = .008). Based on the current findings, 
spatial anxiety can be considered an important factor regarding navigation 
(dis)abilities. It may prove successful to consider targeting either the subjective 
experience of navigation to reduce spatial anxiety, or to target spatial anxiety to 
reduce subjective or objective navigation skills. Furthermore, targeting specific 
navigation strategies (i.e. allocentric or egocentric location for either healthy or 
participants with ABI) in compensatory navigation impairment training might 
enhance treatment success by reducing spatial anxiety. 
 
Keywords: spatial anxiety, navigation abilities and impairment, acquired brain injury 
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The role of spatial anxiety in self-reported and objective navigation (dis)abilities  
Introduction 
Anxiety is, together with depression, the most prevalent mood disorder 
following acquired brain injury (ABI) (Gould, Ponsford, & Spitz, 2014; Jorge, 
Robinson, Starkstein, & Arndt, 1993; Moore, Terryberry-Spohr, & Hope, 2006; 
Osborn, Mathias, & Fairweather-Schmidt, 2016). It can manifest itself in many forms, 
such as generalized anxiety disorder, phobia, or post-traumatic stress disorder. 
Another specific form is spatial anxiety, which can be described as getting 
(extremely) nervous or stressed about navigating through one’s environment, i.e., 
finding one’s way (Lawton, 1994; Schmitz, 1999). Spatial anxiety has a high 
prevalence among the general population (Lawton, 1994; Hund & Minarik, 2009). 
Furthermore, various studies established a relationship between spatial anxiety and 
navigation impairment (Hund & Minarik, 2006; Lawton, 1994; Schmitz, 1999). 
Specifically, people who experience problems with wayfinding due to a cognitive 
navigational impairment are very likely to experience spatial anxiety. In addition, 
people who experience spatial anxiety are more likely to perform worse while 
navigating in comparison to people without spatial anxiety (Hund & Minarik, 2006). 
This implies a possible bidirectional relationship between spatial anxiety and 
navigation impairment, but the precise characteristics of this relationship remain 
unclear for now. Examining the role of spatial anxiety in relation to navigation in the 
general population could shed light on the influence of spatial anxiety on navigation 
abilities. In addition, there could be implications for the role of spatial anxiety when 
considering treatment for people with navigational impairments due to acquired brain 
injury (ABI). For example, it could be advised to treat spatial anxiety separately, in 
order to treat navigation impairment (more) successfully. This study aims to explore 
the influence of spatial anxiety on navigation abilities.  
Navigation is a complex behavioral task. How this task is approached involves 
different possible perspectives and strategies. Various studies attempted to create 
taxonomies, and dissociate different factors and strategies. Wolbers and Hegarty 
(2010) created an overview of the factors involved distributed over three levels: 
spatial cues, computational mechanisms, and spatial representations. This extensive 
overview illustrates the complexity and quantity of the elements involved in 
navigation. First, several environmental and self-motion cues create input which 
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generates spatial computations in the brain, and instigate general executive processes. 
Next, representations are formed while navigating (online) or while thinking (offline) 
about navigating. Together, all of these processes recruit several brain areas. 
Spatial perspectives regarding navigation can be divided between ego- and 
allocentric views. The egocentric perspective approaches navigation from a personal 
point of view, and considers locations as being for example ‘to my right’, and thus 
with regard to one’s own body. The allocentric perspective has a bird’s eye point of 
view, and considers locations as being for example ‘east of the train station’, thus with 
regard to other locations in one’s environment (Van der Ham & Claessen, 2017). In 
addition, different types of navigation information can be utilized. Most commonly 
there is a distinction made between route and survey knowledge, which closely relates 
to the egocentric and allocentric perspectives (Van der Ham & Claessen, 2017). Route 
knowledge regards information about how to navigate when encountering specific 
points while travelling toward a certain location, in other words about when to turn 
where in one’s environment. This usually involves a sequence of directions on how to 
get to your destination, which demands an egocentric perspective. Survey knowledge 
concerns information from an allocentric point of view, and regards the environment 
as if looking at a map (Van der Ham & Claessen, 2017). Both types facilitate 
successful navigation. However, route knowledge is quite rigid and does not allow for 
flexible adaptation when the sequence is disrupted. In contrast, the more integrated 
nature of survey knowledge does allow for flexible adaption while navigating 
(Lawton, 1994). In sum, there are many components to consider when discussing 
human navigation such as behavioral factors, different strategies, and spatial 
perspectives. In turn, spatial anxiety could be considered as an additional factor as it 
has been shown to be related to navigation strategies (Lawton, 1994; Lawton & 
Kallai, 2002). 
In addition to the individual variation in how people navigate, research also 
shows systematic gender and age differences (Lawton, 1994; Wolbers & Hegarty, 
2010). These differences have to be accounted for while examining the relationship 
between spatial anxiety and navigations abilities. Striking gender differences are 
observed between the different approaches of navigation. Women tend to use 
landmark-based information more than men, and men are more likely to orient on 
global reference points, such as cardinal directions (i.e. north, south, etc.) or the 
position of the sun (Lawton, 1994; Lawton & Kallai, 2002). Landmark-based 
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orientation usually translates to an egocentric perspective, and global reference points 
to an allocentric one. Regarding the age differences, especially older individuals show 
more navigation errors. These impairments are linked to age-related deficits in motor 
processing, hippocampal processing, and executive functions, which in turn may 
result in slower processing, spatial learning impairments, and inefficient use of 
strategies (Wolbers & Hegarty, 2010). Furthermore, gender and age differences have 
been found regarding spatial anxiety. Spatial anxiety occurs more often in women 
than in men, and less spatial anxiety has been found in older age, which might be 
explained by navigation experience (Lawton, 1994; Schmitz, 1999). Taken together, 
the type of navigation strategy, gender, and age could be involved in the amount of 
spatial anxiety and navigational success. Subsequently, these factors should be taken 
into account when designing future rehabilitation treatment programs for patients with 
navigation impairments.  
Therefore, navigation impairment is the focus of the second part of the present 
study. Besides the variation in navigation abilities in the general population, the high 
prevalence of navigation impairment in the population of people with ABI, and the 
underlying theory will be considered in more detail. As navigation abilities depend on 
many cognitive mechanisms (Wolbers & Hegarty, 2010), these abilities can be partly 
or wholly affected following brain injury. In fact, about 30 per cent of the patients 
with ABI and cognitive impairments, reportedly experience problems navigating their 
environment (Van der Ham, Kant, Postma, & Visser-Meily, 2013).  
In order to understand the characteristics of navigation impairments, the 
general navigation abilities in healthy and ABI populations are studied. To this effect, 
two types of navigation tasks have been developed, a short virtual navigation task 
(VNT), and a more extensive task, the Virtual Tubingen (VT) test. Both are based on 
the recently proposed theory of Claessen and Van der Ham (2017), which proposes 
three distinct navigation impairments, either based on landmark (what), location 
(where), or path (how) strategies.  
Landmark-based navigation impairment follows from problems with the 
processing of landmarks or environmental scenes. Here, problems can occur either in 
recognizing famous and familiar landmarks, difficulties acquiring knowledge about 
newly encountered landmarks, or both. In addition, even more specific impairments 
regarding landmarks occur, such as being unable to recognize an environment in the 
absence of landmarks (Claessen & Van der Ham, 2017).  
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Location-based navigation impairment follows from problems remembering 
and/or acquiring knowledge about landmark locations and how these places relate to 
each other. They usually can, however, accurately identify these landmarks. These 
patients experience problems describing distances, drawing maps, or providing 
accurate route instructions (Claessen & Van der Ham, 2017). The evidence indicates 
that both egocentric and allocentric spatial memory contribute to location knowledge. 
It is suggested that location-based impairment possibly results from a faulty 
interaction between these types of representations, instead of either a defective 
egocentric or allocentric representation (Claessen & Van der Ham, 2017).  
Path-based navigation impairment follows from difficulties regarding the 
paths that connect locations to each other. These patients experience problems 
remembering paths in familiar environments and/or learning information about paths 
in novel environments. They are unable to orient based only on path information, 
which is reflected in their inability to use maps. Specifically, the transfer from the 
metric information of the map to navigating in the real world proves problematic. It is 
emphasized that this type of impairment involves both route and survey knowledge 
(Claessen & Van der Ham, 2017).  
In both the VNT and VT test, this theory is put into practice as both consist of 
subtasks representing the landmark, location-based, and path-based strategies from 
both egocentric and allocentric perspectives. The development of these novel tests are 
essential, as despite its relatively high prevalence, determining navigation impairment 
in patients with ABI is not yet part of the standard battery of neuropsychological tests. 
Conceivably, this omission is due the absence of an adequate tool to determine 
navigational abilities (Rooij et al., 2017). To fill this gap, the newly developed 
Wayfinding Questionnaire (WQ) was designed as a concise tool to screen for 
problems regarding subjective navigation and orientation, distance estimation, and 
spatial anxiety (Claessen, Visser-Meily, De Rooij, Postma, & Van der Ham, 2016; De 
Rooij, Claessen, Van der Ham, Post, & Visser-Meily, 2017; Van der Ham et al., 
2013). The WQ appears to be a good fit to assess the scale of (subjective) navigation 
abilities and spatial anxiety in various populations (e.g. healthy or brain injured 
people). Likewise, the VNT and VT test have been designed to measure objective 
navigation abilities in the general and ABI populations. As the WQ assesses spatial 
anxiety, it provides the opportunity to investigate the relationship of spatial anxiety 
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with subjective and objective navigation abilities in both the general and ABI 
populations.  
Taken together, the aim of the present study is to establish whether a relation 
exists between the level of spatial anxiety and navigation (dis)abilities in both the 
general population and ABI participants. A negative relation is expected, as spatial 
anxiety is expected to be higher when navigational abilities are more impaired. In 
both samples, age, gender, education level, residential area, and navigation experience 
will be controlled for to determine the strength of the relation between spatial anxiety 
and navigation abilities. In the sample of participants with ABI, the type, location, and 
onset of the brain injury is added to this list of possible confounders. To create a 
framework within which these goals can be examined, the occurrence of spatial 
anxiety and navigation (dis)abilities will be examined in a large non-clinical sample, 
as well as in a sample of participants with ABI. Additionally, the characteristics of 
spatial anxiety impaired participants will be further examined to determine possible 
factors which sets these participants apart. Furthermore, the relation between 
subjective and objective measurement tools (in this study the WQ and the VNT) will 
be investigated, to establish their validity. A negative relation is expected between 
spatial anxiety and the navigation subtasks, as higher scores of spatial anxiety indicate 
more anxiety, and lower scores on the navigation subtasks indicate less navigation 
ability. A positive relation is expected between subjective and objective subtasks, as 
both tools measure navigation abilities. 
Methods 
Design  
The present study is part of two larger projects. First, with a cross-sectional 
web-survey, navigation performance was determined in a large convenience sample of 
healthy participants across the Netherlands. Participants were invited to perform an 
online virtual navigation task (VNT), which assessed their objective navigation 
abilities and strategies with five subtasks. Next, participants could optionally fill out 
the WQ. The WQ produces scores on three subscales, which represent self-reported 
(subjective) abilities regarding navigation and orientation, distance estimation, and 
experienced spatial anxiety. Only data gathered from participants who conducted both 
the VNT and the WQ in full is used in the present study.  
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Second, through a separate cross-sectional web-survey, navigation 
performance was determined in a convenience sample of participants who have ABI 
across the Netherlands. This group of participants was asked to perform both the VNT 
and the WQ to establish their objective and subjective navigation abilities and spatial 
anxiety. 
 
Participants  
The sample of healthy participants (n = 3453) consists of Dutch people from 
ages 18 to 100, both sexes (female = 1, male = 2), educational levels varying from 
low (= 1; elementary school, VMBO, and LBO), to middle (= 2; HAVO, VWO, and 
MBO) and high levels (= 3; HBO and WO), varying navigation experience (travelling 
to an unknown place weekly = 4, monthly = 3, yearly = 2, or never = 1), and different 
geographical backgrounds (i.e. residential area; 1 = urban, 2 = rural) (see table 1). 
Participants were actively recruited at public events such as scientific festivals, 
through social media, and television programs in the Netherlands.  
The sample of participants with ABI (n =183) consists of Dutch people from ages 21 
to 72, both sexes, educational levels varying from low (= 1; elementary school, 
VMBO, and LBO), to middle (= 2; HAVO, VWO, and MBO) and high levels (= 3; 
HBO and WO), varying navigation experience (travelling to an unknown place 
weekly = 4, monthly = 3, yearly = 2, or never = 1), and different geographical 
backgrounds (i.e. residential area; 1 = urban, 2 = rural). Acquired brain injuries were 
categorized by type of injury (CVA = 1, TBI = 2, encephalitis/meningitis = 3, brain 
tumor = 4, oxygen deprivation = 5, poisoning/intoxication = 6, other = 7, and mixed 
types = 8), location of injury (left hemisphere = 1, right hemisphere = 2, both 
hemispheres = 3, exact location known = 4, location unknown = 5), and onset of 
injury (0-6 months = 1, 6-12 months = 2, 1-2 years = 3, 2-5 years = 4, > 5 years = 5, 
unknown = 6) (see table 1). Participants were recruited mostly through social media.  
For both studies the research setting and experimental procedures were in 
accordance with the Declaration of Helsinki and ethical approval to recruit adults and 
children was obtained from the Psychology Research Ethics Committee of the Faculty 
of Social and Behavioural Sciences of the University of Leiden (respectively CEP17-
0904/280 and CEP18-0305/129). Participants agreed to participate voluntarily, 
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provided informed consent prior to the experiment, and received a debriefing 
following the experiment.  
 
Table 1. Characteristics of participants. 
 Healthy   ABI 
 M SD n %  M SD n % 
Age 48.7   17.4  3453   48.6 11.0 183  
Sex (female)   2257 65.4    140 78.1 
Education level 
Low 
Middle 
High 
 
 
  
  145 
  905 
    2403 
 
  4.2 
26.2 
69.6 
  
 
 
 
 
 
 
  15 
  84 
  84 
 
  8.2 
45.9 
45.9 
Navigation experience (travel to an 
unknown place) 
Never 
Yearly 
Monthly 
Weekly 
 
 
  
  
  110 
2340 
  853 
      150 
 
   
  3.2 
67.8 
24.7 
  4.3 
  
 
 
 
 
 
 
 
   
  12 
136 
  27 
    8 
 
  
 6.6 
74.3 
14.8 
  4.4 
Residential area 
Urban 
Rural 
Type of acquired brain injury 
                CVA 
                TBI 
                Encephalitis/meningitis 
                Brain tumor 
                Oxygen deprivation 
                Poisoning/intoxication 
                Mixed types 
                Other 
Location of acquired brain injury 
                Left hemisphere 
                Right hemisphere 
                Both hemispheres 
                Exact location known 
                Location unknown 
Onset of acquired brain injury 
0-6 months 
                6-12 months 
                1-2 years 
2-5 years 
> 5 years 
                Unknown 
 
 
  
2481 
  972 
 
71.9 
28.1 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
116 
  67 
 
  95 
  39 
   6 
  11 
   3 
   1 
 11 
 16 
 
 62 
 44 
 21 
 29 
 27 
 
   5 
   7 
 17 
  64 
  86 
    4 
 
63.4 
36.6 
 
52.5 
21.3 
  3.3 
  6.0 
  1.6 
  0.5 
  6.0 
  8.7 
 
33.9 
24.0 
11.5 
15.8 
14.8 
 
  2.7 
  3.8 
  9.3 
35.0 
47.0 
  2.2 
Note: M = mean; SD = standard deviation. 
 
Measures 
Spatial anxiety (SA) was measured in all respondents by a subscale of the WQ 
consisting of 8 questions (see table 2). These items are measured on a 7 point Likert 
scale (“not at all /almost never /rarely/sometimes /often /almost always /fully 
applicable to me”) (De Rooij et al., 2017). Scores between 7 to 54 can be attained, and 
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are considered high if  ≥ 42. The scores ≥ 42 match the z-scores above 1.65 SD from 
the mean of the current sample of healthy participants. 
Subjective navigation abilities were assessed in all respondents by self-
reported navigation and orientation (NO), and distance estimation (DE) subscales of 
the WQ, which consist of respectively 11 and 3 items. Scores between 7 to 77, and 7 
to 21 can be attained, and are considered low if respectively ≤ 32 and 6. These scores 
match z-scores below -1.65 SD from the mean (De Rooij et al., 2017). All three 
subscales have a high internal consistency: Cronbach’s alpha of 0.904, 0.923 and 
0.826 for navigation and orientation, spatial anxiety, and distance estimation 
respectively (Van der Kuil, unpublished). 
Furthermore, objective navigation abilities of all participants were measured 
by 5 subtasks in the VNT (see table 2). These consist of landmark recognition (LR), 
which measures visuospatial working memory; egocentric location (EL), which 
measures sense of direction; allocentric location (AL), which measures mental 
representation; path-route (PR), which measures spatial relation working memory; 
and path-survey (PS), which measures mental representation. Each subtask has a 
maximum score of 8 and these scores are considered low when participants score 
below a cut-off point based on a z-score below -1.65 SD from the mean of the sample 
who finished both the VNT and the WQ (Van der Ham, unpublished).  
 
Table 2. WQ and VNT scores of participants. 
 Healthy (n=3453)   ABI (n=183) 
 M SD % impaired  M SD % impaired 
WQ scores  
Spatial anxiety 
Navigation and orientation 
Distance estimation 
 
  23.7 
  52.9 
  12.9 
 
10.6 
12.7 
  4.1 
 
 7.4 
 8.3 
 8.9 
  
 34.5 
 41.2 
   9.5 
 
11.9 
13.0 
  4.1 
 
29.0 
26.8 
31.1 
VNT scores 
Landmark recognition 
Egocentric location 
Allocentric location 
Path-route 
Path-survey 
 
    7.0 
128.6 
   2.7 
   1.8 
   2.3 
 
  1.0 
54.0 
  0.9 
  1.0 
  1.0 
 
 8.5 
 5.3 
      12.4 
 9.9 
 3.9 
  
    6.6 
130.4 
   1.7 
   2.3 
   2.2 
 
  1.3 
58.2 
  1.0 
  1.0 
  1.1 
 
18.6 
  8.2 
43.7 
  4.9 
  7.7 
Note: M = mean; SD = standard deviation; WQ scores for SA ≥ 42, NO ≤ 32, and DE ≤ 6 are 
respectively > 1,65 and < -1.65 SD from the mean and indicate impaired spatial anxiety and subjective 
navigation performance; VNT scores for LR ≤ 5,EL  ≥ 225, AL ≤ 1,PR ≤ 0, and PS ≤ 0 are respectively 
< -1.65 and > 1,65 SD from the mean and indicate impaired objective navigation performance.  
 
Procedure 
The web-survey recruited 3453 healthy participants who completed both the 
VNT and the WQ online, either on their mobile phone or on a personal computer. The 
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web-survey aimed at participants with ABI recruited 183 participants. After opening 
the online questionnaire, the participants were asked if they were 8 years or over, and 
if they have no existing brain injuries or psychiatric disorders. The web-survey aimed 
at participants with ABI differed with questions regarding age (16 years or over) and 
additional questions were asked regarding type of brain damage, location and onset. 
Participants were asked if their brain injuries resulted from a cerebrovascular accident 
(CVA) such as a stroke or a cerebral hemorrhage; a traumatic brain injury (TBI) such 
as a concussion or a brain contusion; encephalitis or meningitis; a brain tumor; 
oxygen deprivation; poisoning or intoxication; or other causes. In this case multiple 
answers were possible. Regarding the location of brain damage participants were 
asked if it concerned the left hemisphere, the right hemisphere, both hemispheres, if 
the exact location was known (space was given to specify) or if the location was 
unknown. Regarding the onset of brain damage participants were asked if their 
injuries were present since 0-6 months, 6-12 months, 1-2 years, 2-5 years, over 5 
years, or if the onset was unknown.  
Then, some general questions about background and demographics followed, 
and three questions based on the three subscales of the WQ. Next, the VNT started. A 
text appeared which stated that the participant is supposed to be an astronaut who has 
been send to an unknown planet, with a mission to explore the planet. A video was 
shown of their route through a forest where they encountered several objects. 
Participants were instructed to recall as much information as possible, as they would 
receive questions about their journey. During the video, it was not possible to pause or 
restart. Subsequently, five tasks followed. (1) Landmark recognition, in which the 
participant was shown several objects, and was asked whether they have seen this 
object or not. (2) Egocentric location, in which the participant was shown an object 
from the video, and was asked to choose the arrow pointing to the endpoint of their 
route from that specific perspective. (3) Allocentric location, in which the participant 
was shown an object from the video and a map of the environment. The participant 
was asked to indicate were they encountered this object, by choosing from four 
locations on the map. (4) Path-route, in which the participant was shown an 
intersection, and was asked to indicate in which direction the route continued by 
choosing from two or three options. (5) Path-survey, in which the participant was 
shown three objects from the video, and was asked to choose the two objects which 
were closest together by clicking on those two objects.  
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  After completing the task the participant was presented with a graph that 
represents their navigation profile based on their performance. This profile was either 
balanced or unbalanced. A balanced profile represents no strong preference for either 
egocentric- or allocentric navigation, while an unbalanced profile is tilted towards one 
of the two navigation types. Subsequently, advice was given how to train egocentric 
and/or allocentric navigation.  
  Finally, participants of the general population were given the option to fill out 
an additional questionnaire, the WQ. All of the participants with ABI were required to 
fill out the WQ. The questionnaire consists of twenty-two items concerning 
navigation abilities and spatial anxiety. The WQ contains items such as: ‘when I am in 
a building for the first time, I can easily point to the main entrance of this building’ 
and ‘I am afraid of getting lost in an unknown city’, with answers ranging from “not 
at all/almost never/rarely/sometimes/often/almost always/fully applicable to me”.  
 
Statistical Analyses  
In order to test for (1a) the relation between spatial anxiety and navigation 
abilities, and (1b) the relation between subjective (i.e. the WQ) and objective 
measurements (i.e. the VNT) in all participants, multiple linear regression analysis 
was conducted. The WQ and VNT subscale scores will be included as variables, 
controlling for main effects of age, gender, education level, residential area, and 
navigation experience. First, assumptions of linearity of predicted values, 
homoscedasticity, normality of residues, multicollinearity, and outliers will be 
checked. In order to investigate the spatial anxiety impaired groups (2a) a Chi-square 
test will be performed to examine categorical and nominal variables (gender, 
education level, residential area, navigation experience, ABI type, ABI location, and 
ABI Onset) and (2b) independent samples t-tests will be performed to examine 
interval variables (subjective and objective navigation subtasks, and age). 
 
Results 
Healthy Participants 
Subjective navigation.  
Two multiple linear regression models are fitted to predict spatial anxiety 
based on the subjective navigation abilities navigation and orientation and distance 
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estimation in the sample of the healthy participants (see table 3). One model with and 
one without control variables. The first model is significant, and has 31.5 % explained 
variance, F(2, 3450) = 794.973, p < .000, R2 = .315. It shows that navigation and 
orientation are a significant predictors for spatial anxiety, b = -.416, p < .000, as well 
as distance estimation, b = -.255, p < .000. 
The second model controls for age, gender, education level, residential area, 
and navigation experience. This model is significant F(7, 3445) = 233.095, p < .000, 
with a explained variance of 32.1 %, R2 = .321. The outcomes show that after 
controlling for these possible confounders, the predictors for spatial anxiety, 
navigation and orientation, b = -.414, p < .000 and distance estimation, b = -251, p < 
.000, hold up. These findings indicate that an increase of navigation and orientation 
abilities and distance estimation abilities, both result in a significant decrease of 
spatial anxiety.  
 
Table 3. Multiple Linear Regression results SA and subjective navigation – healthy participants. 
 Model 1  Model 2 
 b SE Beta  b SE Beta 
Constant  48.968*** .652   52.281*** 1.256  
Navigation and Orientation    -.416*** .015 -.096    -.414***  .015  -.494 
Distance Estimation    -.255*** .046 -.099    -.251***  .047  -.098 
Age          .002  .009   .003 
Gender (ref. = male)         -.039  .326  -.002 
Education Level       -.353***  .096  -.053 
Residential Area (ref. = rural)          .424  .337   .018 
Navigation Experience         -.726**  .259  -.041 
R2     .315         .321   
N    3452        3452   
Note: Dependent variable: Spatial Anxiety; b = unstandardized regression coefficient; SE = standard 
error; * = p < .05; ** = p < .01; *** = p < .001. 
 
 
Objective navigation.  
Two multiple linear regression models are fitted to predict spatial anxiety 
based on the objective navigation abilities landmark recognition, egocentric location, 
allocentric location, path-route, and path-survey in the sample of the healthy 
participants (see table 4). One model with and one without control variables. The first 
model is significant, and has 0.5 % explained variance, F(5, 3447) = 3.443, p = .004, 
with a R2 = .005. It shows that only allocentric location is a significant predictor for 
spatial anxiety, b = -.625, p = .001. 
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The second model controls for age, gender, education level, residential area, 
and navigation experience. This model is significant F(10, 3442) = 10.557, p < .000, 
with a explained variance of 3.0 %, R2 = .030. The outcomes show that after 
controlling for these possible confounders, the predictor for spatial anxiety, allocentric 
location, b = -.592, p < .002, holds up. These findings indicate that an increase of 
allocentric location results in a significant decrease of spatial anxiety.  
 
Table 4. Multiple Linear Regression results SA and objective navigation – healthy participants. 
 Model 1  Model 2 
 b SE Beta  b SE Beta 
Constant 25.426***  1.414    35.847***  2.066  
Landmark Recognition      .131   .183  .012          .090 .183   .009 
Egocentric Location      .009   .003  .000         -.001 .003 -.006 
Allocentric Location     -.625**   .187 -.058    -.592** .188 -.055 
Path Route     -.184   .182 -.018         -.192 .182 -.018 
Path Survey     -.288   .185 -.027         -.263 .183 -.025 
Age            -.025* .011 -.040 
Gender (ref. = male)        -2.554*** .380 -.114 
Education Level            -.459*** .115  -.069 
Residential Area (ref. = rural)             .145 .403   .006 
Navigation Experience       -1.191*** .309  -.067 
R2   .005          .030   
N  3452         3452   
Note: Dependent variable: Spatial Anxiety; b = unstandardized regression coefficient; SE = standard 
error; * = p < .05; ** = p < .01; *** = p < .001. 
 
Impairment vs non-impairment. 
To investigate the characteristics of the healthy participants who scored above 
impairment level for spatial anxiety (see table 5 and 6), an independent samples t-test 
was performed to compare means of participants impaired on spatial anxiety with 
those not impaired on spatial anxiety for subjective and objective navigation abilities. 
For the subjective navigation scores significant differences were found for navigation 
and orientation (MD = 16.2, SD = 0.78), t(3451) = -20.865, p < .000, between 
impaired (M = 37.9, SD = 13.0) and non-impaired (M = 54.1, SD = 11.9), and for 
distance estimation (MD = 3.7, SD = 0.84), t(3451) = -14.350, p < .000, between 
impaired (M = 9.5, SD = 4.4) and non-impaired (M = 13.2, SD = 3.9). Within the 
objective navigation scores a significant difference was found for allocentric location 
(MD = 0.18, SD = 0.06), t(3451) = -2.808, p = .005, between impaired (M = 2.5, SD = 
1.0) and non-impaired (M = 2.7, SD = 0.9). For both objective as for subjective 
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navigation scores, all variables show higher scores in the non-impaired group in 
contrast to the spatial anxiety impaired group. 
The differences across gender, education level and navigation experiences 
groups regarding impaired and non-impaired spatial anxiety where analyzed using a 
Chi-square test. The distribution of impaired and non-impaired spatial anxiety within 
gender differed significantly (ꭓ2 (1, N = 3453) = 21.13, p < .000), with 8.9 % of 
females showing an impaired spatial anxiety score, and 4.6 % of males showing an 
impaired spatial anxiety score. The education level groups differed significantly (ꭓ2 
(2, N = 3453) = 12.23, p = .002), with decreasing percentages from low to high 
education. Within the low education group 13.1 % showed impaired spatial anxiety 
scores, within the middle education group 8.8 % showed impaired spatial anxiety 
scores, and within the low education group 6.5 % showed impaired spatial anxiety 
scores. The distribution of impaired and non-impaired spatial anxiety in the 
navigation experience groups differed significantly (ꭓ2 (3, N = 3453) = 13.81, p = 
.003), with decreasing percentages from low to high navigation experience. Within 
the group who never visits an unknown place 13.6 % showed impaired spatial anxiety 
scores, within the group who visits a unknown place yearly 7.9 % showed impaired 
spatial anxiety scores, within the group who visits a unknown place monthly 5.9 % 
showed impaired spatial anxiety scores, and within the group who visits a unknown 
place weekly 3.3 % showed impaired spatial anxiety scores. 
 
Table 5. Characteristics of healthy participants – impaired  vs non-impaired SA. 
 Impaired SA  Non-impaired SA 
  M SD n %  M SD n % 
Age 44  18.3 256   43.6 17.4 3197  
Sex (female)   201 78.5    2056 64.3 
Education level 
Low 
Middle 
High 
 
 
 
  
  
  19 
  80 
157 
 
  7.4 
31.3 
61.3 
  
 
  
  126 
  825 
2246 
 
  3.9 
25.8 
70.3 
Navigation experience (travel to an unknown 
place) 
Never 
Yearly 
Monthly 
Weekly 
 
 
  
  15 
186 
  50 
   2 
 
  5.9 
72.7 
19.5 
  2.0 
    
   95 
2154 
  803 
  145 
 
  3.0 
67.4 
25.1 
  4.5 
Residential area 
Urban 
Rural 
 
 
  
177 
  79 
 
69.1 
30.9 
    
2304 
  893 
 
72.1 
27.9 
Note: M = mean; SD = standard deviation.  
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Table 6. WQ and VNT scores of healthy participants – impaired vs non-impaired SA. 
 Impaired SA 
(n=256) 
Non-impaired SA  
(n=3197) 
  M SD % impaired  M SD % impaired 
WQ scores 
Spatial anxiety 
Navigation and orientation 
Distance estimation 
 
 46.9 
 37.9 
  9.48 
 
  3.9 
13.0 
  4.4 
 
     100.0 
 37.1 
  8.2 
  
  21.8 
 54.1 
 13.2 
 
  8.6 
11.9 
  4.0 
 
 0.0 
 6.0 
 7.1 
VNT scores 
Landmark recognition  
Egocentric location 
Allocentric location 
Path-route 
Path-survey 
 
   6.9 
130.1 
  2.5 
  1.7 
  2.3 
 
  1.0 
55.1 
  1.0 
  1.0 
  1.0 
 
  9.8 
  5.3 
14.8 
12.9 
  4.7 
  
   7.0 
128.4 
   2.7 
   1.8 
   2.3 
 
  1.0 
53.9 
  1.0 
  1.0 
  1.0 
 
 8.4 
 5.3 
      12.2 
 9.7 
 3.8 
Note: M = mean; SD = standard deviation; WQ scores of SA ≥ 42, NO ≤ 32, and DE ≤ 6 are 
respectively > 1,65 and < -1.65 SD from the mean and indicate impaired spatial anxiety and subjective 
navigation performance; VNT scores of LR ≤ 5, EL ≥ 225, AL ≤ 1, PR ≤ 0, and PS ≤ 0 are respectively 
< -1.65 and > 1,65 SD from the mean and indicate impaired objective navigation performance.  
 
 
Participants with Acquired Brain Injury 
Subjective navigation. 
Two multiple linear regression models are fitted to predict spatial anxiety 
based on the subjective navigation abilities navigation and orientation and distance 
estimation in the sample of the participants with ABI (see table 7). One model with 
subjective navigation variables, and one with control variables. The first model is 
significant, and has 27.4 % explained variance, F(2, 180) = 33.984, p < .000, R2 = 
.275. It shows that only the navigation and orientation ability is a significant predictor 
for spatial anxiety, b = -.477, p < .000. 
The second model controls for age, gender, education level, residential area, 
navigation experience, and type, location and onset of ABI. This model is significant 
F(10, 172) = 9.382, p < .000, with a explained variance of 35.3 %, R2 = .353. The 
outcomes show that after controlling for these possible confounders, the predictor for 
spatial anxiety, navigation and orientation, b = -.474, p < .000, holds up. However, it 
also shows part of the variance is significantly explained by navigation experience, b 
= -2.928, p = .022. These findings indicate that an increase of the navigation and 
orientation ability results in a significant decrease of spatial anxiety.  
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Table 7. Multiple Linear Regression results SA and subjective navigation – participants with ABI. 
 Model 1 Model 2 
 b SE Beta  b SE Beta 
Constant 54.307***   2.545   68.527***   6.985  
Navigation and Orientation   -.477***   .072 -.520     -.474***    .073 -.517 
Distance Estimation    -.015    .228 -.005       .034    .240   .012 
Age          .076    .072   .071 
Gender (ref. = male)       -2.463   1.829  -.086 
Education Level       -2.345  1.220  -.125 
Residential Area (ref. = rural)          .174  1.586   .007 
Navigation Experience       -2.928*  1.262  -.148 
ABI Type         -.377    .337  -.072 
ABI Location         -.602    .512  -.074 
ABI Onset         -.323    .760  -.027 
R2 .274         .353   
N        182          182   
Note: Dependent variable: Spatial Anxiety; b = unstandardized regression coefficient; SE = standard 
error; * = p < .05; ** = p < .01; *** = p < .001. 
 
Objective navigation.  
Two multiple linear regression models are fitted to predict spatial anxiety 
based on the objective navigation abilities landmark recognition, egocentric location, 
allocentric location, path-route, and path-survey in the sample of the participants with 
ABI (see table 8). One model with objective navigation variables, and one with 
control variables. The first model is significant, and has 7.4 % explained variance, 
F(5, 177) = 2.848, p = .017, with a R2 = .074. It shows that landmark recognition is a 
significant predictor for spatial anxiety, b = -1.454, p = .050, as well as egocentric 
location, b = -.039, p = .010. 
The second model controls for age, gender, education level, residential area, 
navigation experience, and type, location and onset of ABI. This model is significant 
F(13, 169) = 2.603, p = .003, with a explained variance of 16.7 %, R2 = .167. The 
outcomes show that after controlling for these possible confounders, only egocentric 
location as a predictor for spatial anxiety, b = -.040, p = .008, holds up. However, the 
results show part of the variance is explained by education level, b = -2.674, p = .073. 
These findings indicate that an increase of egocentric location results in a significant 
decrease of spatial anxiety. 
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Table 8. Multiple Linear Regression results SA and objective navigation – participants with ABI. 
 Model 1  Model 2 
 b SE Beta  b SE Beta 
Constant  50.301***    5.204    64.097***   8.944  
Landmark Recognition   -1.454*  .738 -.154    -1.023      .740  -.108 
Egocentric Location -.039**  .015 -.191      -.040**     .015  -.195 
Allocentric Location     -.193  .850 -.017      -.334      .848  -.029 
Path Route   -1.154   .871 -.099    -1.099     .870  -.095 
Path Survey      .882   .808 -.083       .682     .810    .064 
Age          .007     .081    .006 
Gender       -3.127   2.060  -.109 
Education Level       -3.152*   1.422  -.168 
Residential Area        2.072   1.823    .084 
Navigation Experience       -2.674   1.480  -.135 
ABI Type         -.262     .392  -.050 
ABI Location         -.638     .594  -.078 
ABI Onset          .054     .874    .005 
R2 .074         .167   
N         182          182   
Note: Dependent variable = Spatial Anxiety; b = unstandardized regression coefficient; SE = standard 
error; * = p < .05; ** = p < .01; *** = p < .001). 
 
Impairment vs non-impairment. 
To investigate the characteristics of the participants who scored above 
impairment level for spatial anxiety (see table 9 and 10), an independent samples t-
test was performed to compare means of participants impaired on spatial anxiety with 
those not impaired on spatial anxiety for subjective and objective navigation abilities. 
For the subjective navigation scores significant differences were found for navigation 
and orientation (MD = -9.82, SD = 1.99), t(181) = -4.923, p < .000, between impaired 
(M = 34.2, SD = 10.0) and non-impaired (M = 44.0, SD = 13.0), and for distance 
estimation (MD = -2.15, SD = 0.65), t(181) = -3.291, p = .001, between impaired (M = 
7.9, SD = 3.6) and non-impaired (M = 10.1, SD = 4.2). Within the objective 
navigation scores a significant difference was found for egocentric location (MD = -
24.22, SD = 9.33), t(181) = -2.594, p = .010, between impaired (M = 113.2, SD = 
45.6) and non-impaired (M = 137.4, SD = 61.1). For both objective as for subjective 
navigation scores, all variables show higher scores in the non-impaired group in 
contrast to the spatial anxiety impaired group. To compare means of participants 
impaired on spatial anxiety with those not impaired on spatial anxiety for age, another 
independent samples t-test was performed and showed no significant differences were 
found, t(181) = -0.328, p = .743. 
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The differences across gender, education level, residential area, navigation 
experience, ABI type, ABI location, and ABI onset groups regarding impaired and 
non-impaired spatial anxiety where analyzed using a Chi-square test. The distribution 
of impaired and non-impaired spatial anxiety within gender did not differ significantly 
(ꭓ2 (1, N = 183) = 0.53, p = .818), nor did the education level groups differ 
significantly (ꭓ2 (2, N = 183) = 5.383, p = .068). The distribution of impaired and non-
impaired spatial anxiety in the residential area groups differed significantly (ꭓ2 (1, N = 
183) = 4.979, p = .026). Within the group who live in urban areas 23.3 % showed 
impaired spatial anxiety scores, within the group who live in rural areas 38.8 % 
showed impaired spatial anxiety scores. The distribution of impaired and non-
impaired spatial anxiety in the navigation experience groups differed significantly (ꭓ2 
(3, N = 183) = 7.947, p = .047). Within the group who never visits an unknown place 
58.3 % showed impaired spatial anxiety scores, within the group who visits a 
unknown place yearly 28.7 % showed impaired spatial anxiety scores, within the 
group who visits a unknown place monthly 14.8 % showed impaired spatial anxiety 
scores, and within the group who visits a unknown place weekly 37.5 % showed 
impaired spatial anxiety scores. The distribution of impaired and non-impaired spatial 
anxiety within ABI type did not differ significantly (ꭓ2 (7, N = 183) = 5.516, p = 
.597), neither did ABI location (ꭓ2 (4, N = 183) = 3.823, p = .431), or ABI onset (ꭓ2 
(5, N = 183) = 4.343, p = .501). 
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Table 9. Characteristics of participants with ABI – impaired vs non-impaired SA. 
 Impaired SA   Non-impaired SA 
  M SD n %  M SD n % 
Age 48.2  11.6 53   48.8 10.8 130  
Sex (female)   42 79.2    101 77.7 
Education level 
Low 
Middle 
High 
 
 
  
 7 
28 
18 
 
13.2 
52.8 
34.0 
  
 
  
  8 
56 
66 
 
 6.2 
43.1 
50.8 
Navigation experience (travel to an unknown place) 
Never 
Yearly 
Monthly 
Weekly 
 
 
  
 7 
39 
 4 
 3 
 
13.2 
73.6 
  7.5 
  5.7 
  
 
  
  5 
97 
23 
 5 
 
  3.8 
74.6 
17.7 
  3.8 
Residential area 
Urban 
Rural 
Type of acquired brain injury 
                CVA 
                TBI 
                Encephalitis/meningitis 
                Brain tumor 
                Oxygen deprivation 
                Poisoning/intoxication 
                Mixed types 
                Other 
Location of acquired brain injury 
                Left hemisphere 
                Right hemisphere 
                Both hemispheres 
                Exact location known 
                Location unknown 
Onset of acquired brain injury 
0-6 months 
                6-12 months 
                1-2 years 
        2-5 years 
                > 5 years 
                Unknown 
 
 
 
 
 
 
  
27 
26 
 
30 
10 
 2 
 4 
 1 
 1 
 1 
 4 
 
21 
15 
 6 
 5 
 6 
 
 3 
 2 
 5 
20 
23 
 0 
 
 50.9 
 49.1 
 
 56.6 
 18.9 
   3.8 
  7.5 
  1.9 
  1.9 
  1.9 
  7.5 
 
39.6 
28.3 
11.3 
  9.4 
11.3 
 
  5.7 
  3.8 
  9.4 
37.7 
43.4 
  0.0 
  
 
 
 
 
  
89 
41 
 
66 
29 
  4 
  7 
  2 
  0 
10 
12 
 
41 
29 
15 
24 
21 
 
  2 
  5 
12 
44 
63 
  4 
 
68.5 
31.5 
 
50.8 
22.3 
  3.1 
  5.4 
  1.5 
  0.0 
  7.7 
  9.2 
 
31.5 
22.3 
11.5 
18.5 
16.2 
 
  1.5 
  3.8 
  9.2 
33.8 
48.5 
  3.1 
Note: M = mean; SD = standard deviation.  
 
 
Table 10. WQ and VNT scores of participants with ABI – impaired vs non-impaired SA. 
 Impaired SA  
(n = 53) 
Non-impaired SA 
 (n=130) 
  M SD %  
impaired 
 M SD %  
impaired 
WQ scores 
Spatial anxiety 
Navigation and orientation 
Distance estimation 
 
   49.2  
   34.2  
    7.9  
 
  4.2 
10.0 
  3.6 
 
      100.0 
39.6 
43.4 
  
28.6  
44.0  
10.1  
 
 8.3 
13.0 
  4.2 
 
 0.0 
21.5 
26.2 
VNT scores 
Landmark recognition 
Egocentric location 
Allocentric location 
Path-route 
Path-survey 
 
    6.4 
113.2  
    1.6  
    2.1  
    2.3  
 
  1.3 
46.6 
  1.1 
  1.1 
  1.2 
 
20.8 
  0.0 
 47.2 
   7.5 
 11.3 
  
  6.7  
137.4  
  1.8  
  2.4  
  2.1  
 
  1.3 
61.1 
  1.0 
  1.0 
  1.1 
 
17.7 
11.5 
42.3 
  3.8 
  6.2 
Note: M = mean; SD = standard deviation; WQ scores of SA ≥ 42, NO ≤ 32, and DE ≤ 6 are 
respectively > 1,65 and < -1.65 SD from the mean and indicate impaired spatial anxiety and subjective 
navigation performance; VNT scores of LR ≤ 5, EL ≥ 225, AL ≤ 1, PR ≤ 0, and PS ≤ 0 are respectively 
< -1.65 and > 1,65 SD from the mean and indicate impaired objective navigation performance.  
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Subjective vs Objective Navigation Measurement Tools 
 In order to investigate the relation between the subjective and objective 
measurement tools, Pearson’s correlations were calculated for both samples of healthy 
participants and participants with ABI (see table 11 and 12). In the sample of healthy 
participants, negative correlations were found between spatial anxiety, navigation and 
orientation (r = -.556, p < .000), distance estimation (r = -.400, p < .000), allocentric 
location (r = -.061, p < .000), and path-survey (r = -.035, p = .042). Positive 
correlations were found between subjective subtask navigation and orientation and the 
objective subtasks allocentric location (r = .048, p = .005), and path-survey (r = .048, 
p = .005). For the subjective subtask distance estimation a positive correlation was 
found for path-route (r = .038, p = .026), and path-survey (r =  .045, p = .008).  
 
Table 11. Pearson’s correlations subjective and objective navigation scores – healthy participants. 
 SA NO DE LR EL AL PR PS 
SA  -.556** -.400** -.002    .003  -.061**   -.028  -.035* 
NO    .608** -.010   -.025 .048**    .015   .048** 
DE    -.019    .015  -.015    .038*   .045** 
LR      -.055** .124**  .145**   .163** 
EL       -.027  -.046**  -.034* 
AL        .127**   .107** 
PR          .175** 
PS         
Note: SA = spatial anxiety; NO = navigation and orientation; DE = distance estimation; LR = 
landmark recognition; EL = egocentric location; AL = allocentric location; PR = path route; PS = 
path survey; * = p < .05; ** = p < 001. 
 
In the sample of participants with ABI, negative correlations were found 
between spatial anxiety, navigation and orientation (r = -.524, p < .000), distance 
estimation (r = -.312, p < .000), landmark recognition (r = -.155, p = .036), and 
egocentric location (r = -.189, p = .011). Positive correlations were found between the 
subjective subtask navigation and orientation and the objective subtasks landmark 
recognition (r = .178, p = .016), allocentric location (r = .187, p = .011), and path-
route (r = .167, p = .024).  
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Table 12. Pearson’s correlations subjective and objective navigation scores – participants with ABI. 
 SA NO DE LR EL AL PR PS 
SA  -.524** -.312** -.155*   -.189* -.052      -.103      .043 
NO    .589**  .178* -.022    .187*    .167*      .060 
DE       .063 -.049  .134      -.049      .083 
LR     -.006    .184*      .222**     .272** 
EL      -.024 -.091     -.097 
AL        .085     -.035 
PR          .178* 
PS         
Note: SA = spatial anxiety; NO = navigation and orientation; DE = distance estimation; LR = 
landmark recognition; EL = egocentric location; AL = allocentric location; PR = path route; PS = 
path survey; * = p < .05; ** = p < 001. 
 
Discussion 
This study addresses the questions whether a relation exists between spatial 
anxiety levels and navigation (dis)abilities in both healthy participants and 
participants with acquired brain injuries. The characteristics of the participants who 
scored above impairment levels for spatial anxiety are further examined. Besides 
these two substantive questions, this study also addressed the question to what degree 
subjective and objective measures and outcomes corroborate each other.  
It was argued that spatial anxiety might be an important factor when 
considering navigation impairment, especially for patients with ABI. This study 
shows that indeed 29 per cent of participants with ABI score above the impairment 
level for spatial anxiety compared to 7.4 per cent of the healthy participants. In 
addition, they show impairment on both self-reported navigation skills and several 
objective navigation abilities. Furthermore, spatial anxiety and navigation abilities 
were argued to show a possible bidirectional relation, as both spatial anxiety could 
influence navigation, and vice versa. As conjectured, the present study shows such a 
relation exists.  Spatial anxiety and navigation abilities are negatively related in the 
healthy participants, even after controlling for age, gender, education level, residential 
area, and navigation experience. Interestingly, a clear relationship is found between 
spatial anxiety and subjective navigation abilities, as measured by the WQ, while a 
less clear relationship is found for spatial anxiety and objective navigation abilities, as 
only one of the five objective navigation abilities as measured with the VNT showed a 
relationship with spatial anxiety. This suggests that mainly the subjective experience 
of one’s navigation abilities has an effect on the level of spatial anxiety. 
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Similar to the healthy participants, in the sample of participants with ABI a 
negative relation is found between spatial anxiety and navigation abilities. The same 
patterns appears in this sample regarding subjective and objective navigation abilities, 
but with one striking difference. Alike the healthy sample, a stronger relation between 
spatial anxiety and subjective navigation abilities in contrast to the relation between 
spatial anxiety and objective navigation abilities, while only one of the five objective 
navigation subtasks shows a relation with spatial anxiety, after controlling for possible 
confounders. The difference is found in the types of objective navigation abilities that 
show a relation with spatial anxiety. In healthy participants the allocentric location 
strategy is found and in participants with ABI the egocentric location strategy is 
found.  
These findings underscore the importance of the Wayfinding Questionnaire 
and objective navigation assessment. Implementing the use of these assessment tools 
could uncover patients spatial anxiety and their navigation abilities. Presumably, the 
stronger relation between spatial anxiety and subjective navigation in contrast to 
objective navigation, is due to both being measured through self-assessment. 
Nonetheless, the strong relation between spatial anxiety and self-reported navigation 
suggests that possible options to reduce anxiety might lay in educating patients about 
their objective abilities, which might not (all) actually be impaired. In fact, the self-
reported abilities do not necessarily match the outcomes representing the objective 
abilities. This could possibly explain the finding that mainly the subjective experience 
of navigation abilities affects spatial anxiety. Improving patients’ awareness regarding 
their actual navigation skills might improve their confidence, reduce their anxiety, and 
in turn improve their overall quality of life. This proves to be especially important for 
women, as they report spatial anxiety more often than men, and the literature shows 
men tend to score higher on confidence and self-rated navigation competencies 
(O’Laughlin & Brubaker, 1998; Schmitz, 1999). However, the question remains 
whether spatial anxiety affects navigation abilities or if navigation abilities affect 
spatial anxiety, as the direction cannot be determined by the present study. 
Considering both possibilities, besides targeting the navigation skills, initially treating 
spatial anxiety in order to improve at least the self-reported navigation abilities could 
prove successful. However, a study designed to uncover the direction of the relation 
would be necessary to answer this question.  
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The abovementioned role of gender in spatial anxiety and navigation abilities 
was considered in the present study as a possible confounder and this yielded some 
interesting results. Within the group of healthy participants, women indeed show 
impaired levels of spatial anxiety more often than men. Moreover, the combination of 
a higher occurrence of spatial anxiety in women and the objective navigation strategy 
that appears to impact spatial anxiety is in line with the existing literature (Schmitz, 
1997; 1999; Lawton, 1994; Lawton & Kallai, 2002).  This specific type of strategy, 
allocentric location, indicates a location- or where-based orientation, from a global 
reference point of view. Location-based navigation relies on knowledge about 
landmark locations and how these places relate to each other (Claessen & Van der 
Ham, 2017). The literature shows women tend to use landmark-based information 
more than men, and men are more like to orient on global reference points (Lawton, 
1994; Lawton & Kallai, 2002). Landmark-information usually translates to an 
egocentric perspective, and global reference points to an allocentric one. 
Consequently, a lower score on allocentric location indicates a lower ability to rely on 
global reference points, and less knowledge about landmark locations and how these 
landmarks relate to each other while navigating. As women at least rely on landmark 
information more than men, this might impact them more strongly and could explain 
the relationship with spatial anxiety.  
In contrast, men and women equally often report impaired levels of spatial 
anxiety among participants with ABI. Furthermore, the results of the sample of 
participants with ABI show that the objective navigation strategy egocentric location 
appears to impact the level of spatial anxiety. The egocentric location strategy 
indicates a location- or where-based orientation, from a personal point of view. Thus, 
a lower score on egocentric location points to a lower ability to rely on landmark-
information in combination with less knowledge about landmark locations and how 
they relate to each other.  
How can these results, such as the differences between the impact of 
allocentric location on healthy participants and egocentric location strategy on 
participants with ABI, be of value? Various uses of games are being developed and 
tested aiming to improve navigation performance (Claessen et al., 2016; Van der Kuil, 
Visser-Meily, Evers, & Van der Ham, 2018; Murias, Kwok, Castillejo, Liu, & Iaria, 
2016). It might be useful to consider not only what type of strategies promise better 
performance, but also what type of strategy might reduce spatial anxiety when 
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applying compensatory navigation treatment for patients with ABI. The findings of 
this study suggest a possible navigation rehabilitation treatment focused on egocentric 
location might positively impact levels of spatial anxiety for participants with ABI. 
Based on the knowledge of navigation strategy impairment, a navigation treatment 
could efficiently improve patients’ actual navigation abilities by targeting these 
specific skills. As a whole, considering spatial anxiety as a factor affecting at least 
subjective navigation abilities, this might prove successful when treating navigation 
impairment. 
Several factors besides navigation abilities, are considered to possibly 
influence spatial anxiety, which resulted in some anticipated and some unanticipated 
results. For example, navigation experience shows decreasing percentages of spatial 
anxiety from lower to higher experience levels in both healthy participants and 
participants with ABI. In healthy participants, higher levels of navigation experience 
are related to lower levels of spatial anxiety impairment (i.e. less impairment). In 
participants with ABI, no clear pattern is found. Less navigation experience appear to 
be related to more spatial anxiety, except that the highest level of experience is related 
to relatively high spatial anxiety levels. In line with earlier studies, more navigation 
experience indicates lower levels of spatial anxiety, as extended navigation experience 
enhances security. It has been proposed that this could also explain the gender 
differences in spatial anxiety, due to men having more navigation experience than 
women. During childhood, boys would have different individual experiences due to 
the socio-cultural factors which allow to move more freely and widely in their local 
environment (Schmitz, 1997).  
Only in the sample with participants with ABI, differences are found in spatial 
anxiety between residential areas. Participants living in rural areas experiencing more 
often impairment levels of spatial anxiety than participants living in urban areas. This 
might be explained by the more complex nature of navigating in urban areas which 
results in more navigation experience.  
Based on the literature, age was expected to have an effect on spatial anxiety. 
Yet, the current data shows no differences in the distribution of spatial anxiety 
impairment among age in both the healthy participants and the participants with ABI. 
This might be due to an equal amount of experience which is proposed to be an 
explanation for decreasing levels of spatial anxiety with age. Another explanation 
could be that decreasing levels of navigation abilities due to age are countered by an 
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overestimation of abilities in older people (Freund, Colgrove, Burke, & McLeod, 
2005; Cooper, 1990). However, in the present study no data regarding these 
characteristics are included and should be investigated in future research. 
Despite these interesting results, this study has several limitations. First, 
participants were not selected at random, as there is a selection due to the recruitment 
method via web survey. This methods excludes participants without access to internet, 
which might result in a misrepresentation of the general population. Also, selection 
might occur due to the type of investigation, which possibly attracts participants who 
are particularly interested in navigation. In turn, this could result in a 
misrepresentation of participants who experience navigation problems. Second, the 
general population sample is skewed with regard to females, urban residential area, 
and high education level. These sample limitations makes it difficult to generalize the 
findings of this study to the general population of both healthy and ABI individuals.. 
Third, data regarding navigation experience are coded in terms of travelling to an 
unknown place yearly, monthly, weekly, or never. This might not adequately 
represent navigation experience as it is unclear how often exactly, by which means of 
transportation, and to which degree navigation skills are being employed while 
travelling to an unknown place. 
Another important drawback of this study is the design of the VNT, as the 
validity of this navigation measurement tool has not been tested. The results show low 
correlations between the subjective and objective measurement tools (i.e. the WQ and 
the VNT). As expected, a positive relation is found between spatial anxiety and most 
subtasks of both types of measurement tools. The correlations found between 
subjective and objective measurement tools vary between positive and negative, 
however they are stronger in the sample of participants with ABI than in the sample of 
healthy participants, the correlations remain very small. This might be due to 
properties of the VNT, but this remains unclear at this point. Future studies might 
benefit from using a more extensive navigation task, such as the Virtual Tübingen 
(VT) test, which is designed to measure the objective navigation abilities in ABI 
populations (Van der Kuil, unpublished; Claessen et al, 2016). With the VT, objective 
navigation abilities are assessed by nine subtasks which measure spatial knowledge 
about the environment and route: scene recognition, route continuation, route 
sequence, route order, point to start, distance estimation, direction estimation, location 
on map, and map recognition. The VT test is validated in a previous study including 
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healthy participants and stroke patients and performance in the VT test has been 
shown to correlate with performance in equivalent real-world navigation performance 
tasks (Claessen et al., 2016; Van der Kuil, unpublished).  
In conclusion, spatial anxiety seems of importance to consider when assessing 
patients with acquired brain damage for navigation impairment. The high occurrence 
in patients with ABI and its relation with (self-reported) navigation abilities indicates 
further research into possible treatment options regarding both spatial anxiety and 
navigation skills could yield promising results. Besides the implementation of 
assessment tools such as the Wayfinding Questionnaire to uncover such occurrence of 
spatial anxiety and possible navigation impairment, additional treatment of navigation 
abilities could be possibly be successfully enhanced by targeting specific strategies 
and spatial anxiety.  
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